Design of a 2D sparse array transducer for integration into an ergonomic transcranial ultrasound system by Li, Xiaotong et al.
Li, Xiaotong and Gachagan, Anthony and Dziewierz, Jerzy and O'Leary, 
Richard and Murray, Paul (2017) Design of a 2D sparse array transducer 
for integration into an ergonomic transcranial ultrasound system. In: 
2017 IEEE International Ultrasonics Symposium, IUS 2017. IEEE, 
Piscataway, NJ. ISBN 9781538633830 , 
http://dx.doi.org/10.1109/ULTSYM.2017.8091863
This version is available at https://strathprints.strath.ac.uk/63333/
Strathprints is  designed  to  allow  users  to  access  the  research  output  of  the  University  of 
Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights 
for the papers on this site are retained by the individual authors and/or other copyright owners. 
Please check the manuscript for details of any other licences that may have been applied. You 
may  not  engage  in  further  distribution  of  the  material  for  any  profitmaking  activities  or  any 
commercial gain. You may freely distribute both the url (https://strathprints.strath.ac.uk/) and the 
content of this paper for research or private study, educational, or not-for-profit purposes without 
prior permission or charge. 
Any correspondence concerning this service should be sent to the Strathprints administrator: 
strathprints@strath.ac.uk
The Strathprints institutional repository (https://strathprints.strath.ac.uk) is a digital archive of University of Strathclyde research 
outputs. It has been developed to disseminate open access research outputs, expose data about those outputs, and enable the 


















$EVWUDFW²7UDQVFUDQLDO 'RSSOHU 8OWUDVRXQG 7&' LV RQH RI
WKHWHFKQLTXHVWKDWKDYHEHHQXVHGIRUVWURNHGLDJQRVLV7KLVSDSHU
FRPSDUHV WKH SRWHQWLDO RI WKUHH DSHULRGLF VSDUVH DUUD\
FRQILJXUDWLRQV UDQGRP DUUD\ VXQIORZHU VSLUDO DUUD\ DQG ORJ
VSLUDO DUUD\ IRUDSSOLFDWLRQ WR 7&' 7RFRYHU WKH IXOO WHPSRUDO
ZLQGRZ D PP GLDPHWHU FLUFXODU DSHUWXUH LV VHOHFWHG ZLWK D
0+] RSHUDWLQJ IUHTXHQF\ WR PDWFK FXUUHQW 7&'
LQVWUXPHQWDWLRQ $ ' PRGHO GHYHORSHG LQ 0$7/$% VLPXODWHV
WKH IDU ILHOG GLUHFWLYLW\ IXQFWLRQ E\ DSSO\LQJ WKH ' ))7 RQ DQ
DUUD\¶VDSHUWXUHIXQFWLRQ7ZRHYDOXDWLRQFULWHULD3HDN6LGHOREH
/HYHO 36/DQG ,QWHJUDWHG6LGHOREH 5DWLR ,6/5DUH XVHG WR
DVVHVV WKH SHUIRUPDQFH RI HDFK DUUD\ FRQILJXUDWLRQ 6LPXODWLRQ
UHVXOWVGHPRQVWUDWHWKDWDFRPSURPLVHEHWZHHQ36/DQG,6/5LV
UHTXLUHG WR VHOHFW D VXLWDEOH WUDQVGXFHU FRQILJXUDWLRQ IRU
IDEULFDWLRQ DQG IXUWKHU HYDOXDWLRQ 7KHVH HYDOXDWLRQ UHVXOWV
GHPRQVWUDWHWKDWWKHORJVSLUDODUUD\FRQILJXUDWLRQKDVGHVLUDEO\
ORZ36/UHODWLYH WR WKHRWKHUVZKLOH WKH VXQIORZHU VSLUDO DUUD\




.H\ZRUGV² ' VSDUVH DUUD\ 7UDQVFUDQDO 'RSSOHU 8OWUDVRXG
7&'DUUD\FKDUDFWHUL]DWLRQ
, ,1752'8&7,21
7UDQVFUDQLDO 'RSSOHU 8OWUDVRXQG 7&' LV D QRQLQYDVLYH
WHFKQLTXH WKDW KDV EHHQ ZLGHO\ XVHG LQ VWURNH GLDJQRVLV DQG
WUHDWPHQW VLQFH  >@ ,Q DGGLWLRQ WR LWV QRQLQYDVLYH
DGYDQWDJHLWIXUWKHUEHQHILWVIURPSRUWDELOLW\DQGORZH[SHQVH












LQ GHQVH DUUD\ GHVLJQV >@ D IXOO PDWUL[ ' DUUD\ WUDQVGXFHU
ZKLFKKDVFRPSDUDEOHUHVROXWLRQWRD'OLQHDUDUUD\WUDQVGXFHU
ZRXOG UHTXLUH DQ H[WUHPHO\ ODUJH QXPEHU RI HOHPHQWV
8QIRUWXQDWHO\ WKLV LV QRW SUDFWLFDO WR PDQXIDFWXUH )RU WKH
WUDQVGXFHUGHVLJQHGLQWKLVSURMHFWWKHDSHUWXUHVL]HLVVHWWR
FPLQGLDPHWHUWRILWWKHVL]HRIWKHWHPSRUDOZLQGRZ>@$VWKH
VSHHG RI VRXQG LQ WKH EUDLQ LV  PV >@ WKH RSHUDWLQJ
ZDYHOHQJWKZLOO EHPP LIZHRSHUDWHDW D0+]FHQWHU
IUHTXHQF\ZKLFKLVFRPPRQLQVXFKPHGLFDODSSOLFDWLRQV>@,I
WKHWUDQVGXFHULVGHVLJQHGZLWKHOHPHQWVSDFLQJDSSURDFKLQJWKH












XVLQJ WZR SDUDPHWHUV 3HDN 6LGH/REH YDOXH 36/ DQG
,QWHJUDWHG 6LGH/REH 5DWLR ,6/5 %DVHG RQ WKH VLPXODWLRQ
UHVXOWVDORJVSLUDODUUD\FRQILJXUDWLRQKDVEHHQLGHQWLILHGDVD
SURPLVLQJ DUUD\ GHVLJQ DQG PDQXIDFWXUHG XVLQJ D &RPSRVLWH





ZDYHOHQJWK RI WKH GHYLFH DUH NQRZQ DV VSDUVH DUUD\V >@
&RPSDUHGWRGHQVHDUUD\VVSDUVHDUUD\VDUHOHVVH[SHQVLYHDQG
HDVLHU WR IDEULFDWHEHFDXVHRI WKHUHGXFHGQXPEHURIHOHPHQWV
ZLWKLQWKHIL[HGDSHUWXUH+RZHYHUWKHLQFUHDVHGHOHPHQWSLWFK
OHDGVWRWKHLQWURGXFWLRQRIDKLJKHUVLGHOREHOHYHOZKLFKFDQ





JUDWLQJ OREHV EHFDXVH RI WKH HQKDQFHG LQWHUDFWLRQ EHWZHHQ
HOHPHQWV>@+HQFHDQDSHULRGLFDSSURDFKLVDGRSWHGKHUH
7KUHH DSHULRGLF VSDUVH DUUD\ FRQILJXUDWLRQV KDYH EHHQ
FRQVLGHUHG DQG VLPXODWHG D UDQGRP DUUD\ D VXQIORZHU VSLUDO
DUUD\ DQG D ORJ VSLUDO DUUD\ )LJXUH  LOOXVWUDWHV H[DPSOHV RI
WKHVH DUUD\ FRQILJXUDWLRQV7KH UDQGRP DUUD\ FRQILJXUDWLRQ LV









 5HPRYH WKH SRLQWV ZKLFK DUH RXWVLGH RI WKH PP
GLDPHWHUFLUFXODUDSHUWXUH
 &DOFXODWHWKHGLVWDQFHEHWZHHQHDFKSDLURISRLQWV,IWKH
GLVWDQFH LV VPDOOHU WKDQ̴݈݁݁݌݅ݐ݄ܿ  UHPRYH WKH SRLQW
ZKLFKLVJHQHUDWHGODWHU
 ,I WKH QXPEHU RI SRLQWV UHPDLQLQJ LQ WKH FLUFXODU
DSHUWXUH0LVIHZHUWKDQ1SODFHDQRWKHU10SRLQWV
DQGUHSHDWVWHSWRVWHSXQWLO0HTXDOVWR1
7KHVXQIORZHU VSLUDODUUD\ LVD VSHFLDO)HUPDW VSLUDODUUD\
ZKRVH SRODU DQJOH LV HTXDO WR LQWHJHU PXOWLSOHV RI WKH JROGHQ
DQJOHF>@7KHPDWKHPDWLFDOIRUPRIWKHVXQIORZHUDUUD\LV
 ݎ௡ ൌ ܽඥߛ௡ ൌ ܽξ݊ܿܿ ൌ ʹǤͶݎܽ݀ 
ZKHUH݊LV WKH QWK SRLQW LQ WKH VXQIORZHU VSLUDO DUUD\ݎLV WKH




 6HW WKH PLQLPXP GLVWDQFH ̴݈݁݁݌݅ݐ݄ܿ EHWZHHQ DUUD\
HOHPHQWVWRDYRLGRYHUODSSLQJ
 *HQHUDWH D VXQIORZHU DUUD\ ZLWK GHVLUHG QXPEHU RI
HOHPHQWV1
 )LQG WKH PLQLPXP GLVWDQFH EHWZHHQ WKHVH HOHPHQWV






 ݎ ൌ ܽ݁௕ሺఊାఏሻ 
:KHUHݎDQGߛDUH WKH UDGLDO GLVWDQFH DQG WKH SRODU DQJOH
UHVSHFWLYHO\ܽ DQGܾ DUH FRQVWDQW SDUDPHWHUV DVVRFLDWHG ZLWK
WKHVKDSHRIWKHDUUD\DQGߠLVWKHURWDWLRQDODQJOHEHWZHHQWZR
DGMDFHQWDUPV$VLQGLFDWHGLQPRUHSDUDPHWHUVDUHUHTXLUHG





6HW SDUDPHWHUV LQFOXGLQJ WKH QXPEHU RI VSLUDO DUPV
ZLWKLQWKHDUUD\WKHQXPEHURIHOHPHQWVZLWKLQHDFKDUP
DQGWKHFRQVWDQWSDUDPWHWHUE














7KH &RPSRVLWH (OHPHQW &RPSRVLWH $UUD\ 7UDQVGXFHU
&(&$7 LV D SLH]RFRPSRVLWH FRQILJXUDWLRQ ZKLFK ZDV
GHVLJQHGWRLPSURYHWKHIOH[LELOLW\RIWUDGLWLRQDODUUD\WUDQVGXFHU
WHFKQRORJ\ XVLQJ FRQYHQWLRQDO  FRQQHFWLYLW\ FRPSRVLWH
DFWLYH OD\HU >@ (OHPHQWV LQ WKH &(&$7 FRQILJXUDWLRQ DUH
LQGLYLGXDO SLH]RFRPSRVLWHV FRQVLVWLQJ RI SLH]RHOHFWULF ILEHU
PDWHULDOHPEHGGHGLQDSRO\PHUSKDVH>@+RZHYHUWKHRYHUDOO
FHUDPLF YROXPH IUDFWLRQ RI WKH DUUD\ GHYLFH LV ORZHU WKDQ D
FRPSDUDEOHSLH]RFRPSRVLWHDUUD\GXHWRWKHIDFWWKDWRQO\
WKH DUUD\ HOHPHQWV FRQWDLQ DFWLYH SLH]RFHUDPLF PDWHULDO 7KH
SLH]RHOHFWULF ILEHUV DUH UDQGRPO\ SODFHG ZLWKLQ WKH DUUD\
HOHPHQWDUHDDQGWKHH[SHULPHQWDOUHVXOWVGHPRQVWUDWHWKDWWKLV
UDQGRP ILEHU VWUXFWXUH FDQDFKLHYH VLPLODUSHUIRUPDQFHZKHQ









7ZR PHWULFV NQRZQ DV 3HDN 6LGHOREH /HYHO 36/ DQG
,QWHJUDWHG 6LGHOREH /HYHO ,6/5 DUH XVHG WR HVWLPDWH WKH
SHUIRUPDQFH RI WKH DUUD\ FRQILJXUDWLRQV LQ WHUPV RI WKHLU
LPDJLQJ FDSDELOLW\ 7KHVH WZR SDUDPHWHUV UHIOHFW WKH UHODWLYH
UHODWLRQVKLS EHWZHHQ WKH PDLQOREH DQG WKH DVVRFLDWHG VLGH





 ܲܵܮ ൌ ʹͲ ଵ଴ሺܣ௦Ȁܣ௠ሻ 
 ܫܵܮܴ ൌ ͳͲ ଵ଴ሺܧ௦Ȁܧ௠ሻ 









ORZ FRQWUDVW PDWHULDOV >@ 7KXV DQ DSSURSULDWH WUDQVGXFHU
VKRXOGKDYHDORZ36/YDOXHDVZHOODVORZ,6/5
7R FDOFXODWH 36/ DQG ,/65 LW LV QHFHVVDU\ WR SUHGLFW WKH
SURSDJDWLRQ RI XOWUDVRXQG ZDYHV LQ WKH LPDJLQJ PDWHULDO
0HWKRG VXFKDV WKH +X\JHQV¶ WKHRU\ >@ DQG WKH 5D\OHLJK¶V
LQWHJUDO >@FRXOGEHXVHG7KHVHPHWKRGV HLWKHUDVVXPH WKH
SLH]RHOHFWULF HOHPHQW DV D SRLQW VRXUFH RU DQ LQWHJUDO RI
GLIIHUHQWLDO SODQHV %RWK RI WKHP UHTXLUH D ODUJH QXPEHU RI
RSHUDWLRQV ZKLFK FRXOG EH WLPH FRQVXPLQJ 7R UHGXFH WKH
RSHUDWLRQ WLPH LQ WKLV ZRUN D ' )DVW )RXULHU 7UDQVIRUP LV
))7XVHGWRSUHGLFWWKHSURSDJDWLRQRIXOWUDVRXQGZDYHVLQWKH





ILUVW PRGHOOHG LQ 0$7/$% XVLQJ D ' ))7 WR SUHGLFW WKH
GLUHFWLYLW\ IXQFWLRQVDVVKRZQLQ)LJXUHE$VH[SODLQHGLQ
6HFWLRQ ,,$ IRU HDFK FRQILJXUDWLRQ D GLIIHUHQW QXPEHU RI
SDUDPHWHUVZHUHUHTXLUHGWRGHVLJQWKHDUUD\VWUXFWXUH$VHWRI
FDQGLGDWH YDOXHV ZHUH FUHDWHG IRU HDFK SDUDPHWHU )RU WKH
SXUSRVHV RI FRPSDULVRQ WKH SDUDPHWHUV FRPPRQ WR DOO DUUD\
FRQILJXUDWLRQVZHUHVHWWRKDYHWKHVDPHFDQGLGDWHYDOXHVIRUDOO





















FRQILJXUDWLRQ DOO SRVVLEOH VSDUVH DUUD\ SDWWHUQV KDYH EHHQ
VLPXODWHG XVLQJ    DQG  )RU HDFK DUUD\
FRQILJXUDWLRQ WKH 36/ DQG ,6/5 ZHUH FDOFXODWHG DQG VWRUHG
)XUWKHU DQDO\VLV VHOHFWHG WKH GHVLJQ ZKLFK PLQLPL]HG ERWK
SDUDPHWHUV8QIRUWXQDWHO\WKHDUUD\OD\RXWZLWKWKHORZHVW36/
YDOXHKDGDUHODWLYHO\KLJK,6/5YDOXHZKHQFRPSDUHGWRRWKHU
SDWWHUQV ZKLFK KDYH VLPLODU 36/ YDOXHV 7KXV LQVWHDG RI
VHOHFWLQJWKHOD\RXWZLWKWKHORZHVW36/DFRQILJXUDWLRQZLWK
VLPLODU36/EXWORZHU,6/5ZDVVHOHFWHGIRUHDFKFRQILJXUDWLRQ
2WKHU IDFWRUV VXFK DV WKH PDQXIDFWXULQJ FRPSOH[LW\ DQG
SUDFWLFDOUHDOL]DWLRQIHDVLELOLW\DUHDOVRWDNHQLQWRDFFRXQW7KH
36/ DQG ,6/5 YDOXHV RI WKH VHOHFWHG SDWWHUQ IRU HDFK DUUD\
FRQILJXUDWLRQDUHDVVKRZQLQ7DEOH,,$VVKRZQLQWKH7DEOH
WKH ORJ VSLUDO DUUD\ KDV WKH ORZHVW 36/ ZKLOH WKH VXQIORZHU
VSLUDODUUD\SHUIRUPVWKHEHVWLQWHUPVRI,6/57KHORJVSLUDO



























%HIRUH DSSO\LQJ WKH ORJ VSLUDO HOHFWURGH SDWWHUQ WKH ILEHU
&(&$7 DFWLYH OD\HU ZDV IXOO\ HOHFWURGHG DQG WKH LPSHGDQFH
UHVSRQVHRIWKHDFWLYHOD\HUPHDVXUHG7KHUHVXOWVDUHDVVKRZQ
LQ )LJXUH7KHPHDVXUHG UHVRQDQFH IUHTXHQF\ IRU WKHHQWLUH







LQ )LJ E XVLQJ HYDSRUDWLRQ WKURXJK D PDVN DQG WKHQ WKH
YLEUDWLRQRIWKHDFWLYHSLH]RFRPSRVLWHILEHUHOHPHQWVZDVWHVWHG
LQDLUXVLQJD'/DVHU'RSSOHU9LEURPHWHU/'97KHDFWLYH
OD\HU ZDV SODFHG RQDSODWIRUP ZKLFK LV SHUSHQGLFXODU WR WKH




ZKROH DUUD\ VXUIDFH ZDV VDPSOHG LQWR D VHW RI SRLQWV
FRUUHVSRQGLQJWRWKHPRYLQJVWHSRIWKHSODWIRUP7KHGDWDZDV
WKHQSURFHVVHGXVLQJ+X\JHQV¶WKHRU\WRJHQHUDWHWKHSUHGLFWHG
EHDP SURILOH RI WKH DFWLYH OD\HU 7KH UHVXOWV DUH DV VKRZQ LQ
)LJXUH7KHEHDPSURILOHJHQHUDWHGIURPWKHH[SHULPHQWDOGDWD




HOHPHQWV ,Q WKH RULJLQDO VLPXODWLRQ SURFHVV DQ HOHPHQW LV
PRGHOOHG DV D VXUIDFH +HUH WKH HOHPHQW LV UHSUHVHQWHG E\ D
FROOHFWLRQ RI PHDVXUHG SRLQWV DQG WKH UHVROXWLRQ RI WKH /'9
JLYHVDURXQGSRLQWVZLWKLQHDFKHOHPHQWDUHD)LJXUHDDQG
E UHVSHFWLYHO\ VKRZ WKH GLUHFWLYLW\ IXQFWLRQV RI WKH DUUD\
VLPXODWHGXVLQJ D PRGHO WR VLPXODWHKDYLQJDQGSRLQWV
ZLWKLQHDFKHOHPHQW$VVKRZQLQWKHILJXUHWKHVLGHOREHOHYHOV
DUH LQFUHDVHG ZKHQ WKH QXPEHU RI SRLQWV LV GHFUHDVHG 7KH
VLPXODWHG,6/5LVG%IRUWKHSRLQWVPRGHODQGG%












7KUHH DSHULRGLF VSDUVH DUUD\ FRQILJXUDWLRQV KDYH EHHQ
VWXGLHGLQWKLVSURMHFW7KHVLPXODWLRQUHVXOWVVKRZWKDWWKHORJ
VSLUDODUUD\KDVDQDGYDQWDJHLQWHUPVRIPLQLPL]LQJ36/ZKLOH
WKH VXQIORZHU VSLUDO DUUD\KDV ORZHU ,6/5$ ORJ VSLUDODUUD\
SDWWHUQKDVEHHQVHOHFWHGDVDFRPSURPLVHEHWZHHQRSWLPDO36/
DQG ,6/5 YDOXHV 7KH DFWLYH OD\HU ZLWK VHOHFWHG DUUD\









LQ WKH MLJ 7KLV FKDOOHQJH FRXOG EH VROYHG LI WKH ILEHUHSR[\
FRPSRVLWHFDQEHPDFKLQHGDVDWXEHEHIRUHLQVHUWLQJLQWRWKH
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